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(57) ABSTRACT

A system to provide a particulate solid material to a pressur-
ized gasification reactor includes a low pressure storage ves-
sel fluidly connected to the inlet of a bulk materials pump, a
first part of a transport conduit directly connecting the outlet
of the bulk materials pump to an inlet of a diverter valve, a
second part of the transport conduit connecting an outlet of
the diverter valve to a burner as present in a reactor vessel,
wherein said diverter valve is provided with a second outlet
connecting a recycle conduit with the low pressure storage
vessel and which diverter valve is adjustable to either fluidly
connect the bulk materials pump to the burner or alternatively
fluidly connect the bulk materials pump to the low pressure
storage vessel.

9 Claims, 5 Drawing Sheets
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1
PROCESS TO PROVIDE A PARTICULATE
SOLID MATERIAL TO A PRESSURISED
REACTOR

This patent application is a divisional application of U.S.
patent application Ser. No. 12/355,406, filed Jan. 16, 2009,
which claims the benefit of European patent application No.
08100545.6, filed Jan. 16, 2008 and U.S. Provisional Appli-
cation 61/024,457, filed Jan. 29, 2008, both of which are
incorporated herein by reference.

FIELD OF THE INVENTION

The invention is directed to a process to provide a particu-
late solid material to a pressurised reactor.

BACKGROUND OF THE INVENTION

U.S. Pat. No. 3,402,684 is directed to a process to provide
bark from an atmospheric pressure portion to a subatmo-
spheric pressure portion.

WO-A-99/66008 describes a fixed bed gasification reactor
for municipal waste.

In a coal gasification process pulverised coal is fed to a
pressurised gasification reactor either as a dry solid or as a
slurry. A commercial process to pressurize dry pulverised
coal comprises the use of a lock hopper as described in Chap-
ter 6.2 in Gasification, by Christopher Higman and Maarten
van der Burgt, 2003, Elsevier Science, Burlington Mass.,
Pages 173-177. A disadvantage of using such a lock hopper
design is the cycling of multiple batch tanks, the disruptions
that occur when one such tank is taken off line and another is
started and the venting of significant quantities of pressuris-
ing gas. The same textbook mentions on pages 182-183 solids
pumping as an alternative. It is described that many types of
equipment have been developed but thus far none have been
very successful because they are vulnerable for erosion and
fouling. Examples of solid pump systems in which Maarten
van der Burgt, one of the authors of this reference book, was
named as inventor are EP-A-038597 and EP-A-029262.

The solids pump as described in U.S. Pat. No. 5,657,704
seems to have more potential for actual commercial applica-
tion, because the design of this solids pump seems less vul-
nerable for fouling and erosion than the earlier and above
referred to designs. This publication describes a method for
continuously supplying solids from a lower pressure storage
reservoir to a high-pressure feeder tank using a solids pump.
From the feeder tank the solids are transported to a high-
pressure blast furnace. The solids pump according to this
publication is preferably a high pressure solids pump avail-
able from STAMET Incorporated. Publications describing
such a pump are U.S. Pat. No. 4,516,674, U.S. Pat. No.
4,988,239 and U.S. Pat. No. 5,051,041.

A disadvantage of the process of U.S. Pat. No. 5,657,704 is
the presence of a high-pressure feeder tank between the solids
pump and the pressurised reactor. Because of this intermedi-
ate feeder tank it is not possible to directly control the flow of
solids to the pressurised reactor by controlling the rotational
speed of the solids pump itself. The control of solids is espe-
cially critical when the pressurised reactor is a gasification
reactor. In such a process the ratio of oxygen to carbon has to
be kept within certain ranges in order to maximise the pro-
duction of carbon monoxide and hydrogen.

It would be an advancement in the art to provide a process
to provide a particulate solid carbonaceous material to a pres-
surised gasification reactor, which does not have the above-
mentioned problem.
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2
SUMMARY OF THE INVENTION

The above has been achieved by the following process. A
process to provide a particulate solid carbonaceous material
to a pressurised gasification reactor comprising the following
steps,

(a) transporting the solid material from a first lower pressure
zone to a higher pressure zone using a bulk materials pump
comprising a housing having a flow path for the solid material
between an inlet fluidly connected to the first lower pressure
zone and an outlet fluidly connected to the higher pressure
zone, wherein said flow path in said housing is further defined
by a space between two rotatable drive disks spaced from
each other and wherein a materials scraper is present between
said drive disks at the outlet to route a cake of solid material
that is being transported between said drive disks to a trans-
port conduit, which transport conduit fluidly connects the
outlet of said housing and a burner as present in the gasifica-
tion reactor, and

(b) injecting a gaseous stream into the cake of solid material
where the cake of solid material is discharged from the hous-
ing and enters the transport conduit, and

(c) transporting the solid material and the gaseous stream in a
transport conduit to the burner.

Applicants have found that the process according to the
invention makes it possible to directly feed the particulate
solid material to the pressurised reactor. The use of the gas-
eous stream is beneficial in that it breaks open the compacted
cake as it is discharged from the solids pump. The gaseous
stream subsequently carries the solids as a homogeneous
mixture of solids and gas through the transport conduit to the
pressurised reactor as a stable flow. Another advantage is that
the solids flow to the reactor can be directly influenced by
varying the rotational speed of the drive disks.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-sectional side view of the bulk mate-
rials pump having a rotatable scraper.

FIG. 1a shows an alternative embodiment for the upper end
of transport conduit in FIG. 1.

FIG. 2 shows a cross-sectional front view of the bulk mate-
rials pump of FIG. 1.

FIG. 3 shows a cross-sectional side view of the bulk mate-
rials pump having a fixed scraper.

FIG. 4 shows a cross-sectional front view of the bulk mate-
rials pump of FIG. 3.

FIG. 5 shows a line-up showing a system for providing
particulate matter to a gasification reactor comprising a
diverter valve.

FIG. 5a shows the diverter valve of FIG. 5 in more detail.

FIGS. 6a, 65 and 6¢ show a preferred internal in the trans-
port conduit as exemplified in FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

With the term lower pressure zone is meant the zone at
which the carbonaceous solid material is present before being
fed to step (a) of the process of the present invention. Suitably
the pressure of this zone is ambient or about ambient pressure,
i.e. 1 bara. With the term higher-pressure zone is meant the
zone directly downstream the bulk materials pump. The pres-
sure range of the higher pressure zone is suitably equal to the
preferred pressure range as specified for the gasification reac-
tor.

The solid material is preferably a carbonaceous or a par-
ticulate solid material and more preferably a particulate solid
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carbonaceous material. Herein the solid material may some-
times also be referred to as particulate material or carbon-
aceous material.

The solid material is preferably coal, petroleum coke or a
solid biomass. Examples of suitable coal types are anthracite,
brown coal, bitumous coal, sub-bitumous coal and lignite.

Solid biomass particulate matter is preferably obtained by
torrefaction of a biomass source. Torrefaction is a thermal
treatment in the absence of oxygen, preferably at a tempera-
ture of between 200 and 300° C. Torrefaction is preferably
combined with a compression or pelletisation step in order to
make the biomass feed more suited for a gasification process
wherein the biomass feed is supplied in a so-called dry form.
Torrefaction of a biomass source material is well known and
for example described in M. Pach, R. Zanzi and E. Bjérnbom,
Torrefied Biomass a Substitute for Wood and Charcoal. 6th
Asia-Pacific International Symposium on Combustion and
Energy Utilization. May 2002, Kuala Lumpur and in Berg-
man, P. C. A., “Torrefaction in combination with pelletisa-
tion—the TOP process”, ECN Report, ECN-C-05-073,
Petten, 2005. Suitable biomass sources are all solid material
produced by photosynthesis. Examples of such solid material
are wood, straw, grasses, (micro) algae, weeds or residues of
the agricultural industry. Examples of suitable residue prod-
ucts are streams generated in the palm oil industry, corn
industry, bio-diesel industry, forestry industry, wood process-
ing industry and paper industry.

In case the solid material is coal the particulate solid mate-
rial preferably has a particle size distribution wherein at least
about 90% by weight of the material is less than 90 um and
wherein the moisture content is typically between 2 and 12%
by weight, and preferably less than about 5% by weight. In
case the solid material is a biomass particulate matter, the
particle size distribution may be similar to the one described
above for coal or may include larger particle sizes up to 1000
pm.

The bulk materials pump as used in the process according
to the present invention comprises a housing having a flow
path for the solid material between an inlet and an outlet of
said housing. The flow path in said housing is further defined
by a space between two rotatable drive disks spaced from
each other. Between said drive disks a materials scraper is
present to route the cake of solid material, as being trans-
ported between said drive disks, to the outlet of the housing of
the bulk materials pump and into a transport conduit. The
transport conduit fluidly connects the outlet of said housing
and the reactor. Publications describing such a pump are U.S.
Pat. No. 4,516,674, U.S. Pat. No. 4,988,239, U.S. Pat. No.
5,551,553,U.S. Pat. No. 7,044,288, EP-A-1152963, U.S. Pat.
No. 5,381,886 and U.S. Pat. No. 5,051,041.

Preferably a bulk materials pump is used wherein the rota-
tion axes of both disks are tilted with respect to each other.
This will result in that the distance between said drive disks at
the inlet is greater than the distance between said disks at the
outlet. Because the disks rotate along separate and tilted axes
a more efficient capturing and compressing of the bulk mate-
rial is achieved. The higher efficiency results in that less
energy input is required. A further advantage is that because
of'the compacting of the material a better gas seal is achieved
between the disks.

The surfaces of the two drive disks facing the flow path of
this preferred bulk materials pump are preferably shaped such
that at the outlet the two facing surfaces are substantially
parallel relative to each other and at the inlet the two surfaces
are positioned under an angle relative to each other. Such a
surface may be spherical shaped or more preferably conically
shaped. With conical shaped is also meant a shape wherein
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the surface facing the flow path of the bulk materials is made
up of a number of pie shaped surfaces which together form a
substantially conical shape.

The materials scraper may be a fixed device positioned
between the disks and fixed to the housing of the bulk mate-
rials pump near the outlet for bulk material. The scraper
preferably extends up to and beyond the point where the two
rotational axes meet between the two disks. Suitably the
materials scraper is a third rotatable disk located partly
between said drive disks at the outlet and wherein the direc-
tion of rotation of all three disks is the same. By using a
rotatable disk as a scraper a more efficient discharge of solids
from between the two disks is achieved.

The gaseous stream as injected in step (b) may be of any
kind suitable to carry the particulate solid material through
the transport conduit. Examples of suitable gasses are nitro-
gen, carbon dioxide and steam. The amount of gaseous stream
added is preferably such that a solid density in the transport
conduit is achieved from 50 and 800 kg/m> and more prefer-
ably between 250 and 500 kg/m>. The gaseous stream is
suitably injected into the cake at the outlet of the bulk mate-
rials pump in a direction parallel to the outlet of said housing,
perpendicular to the outlet of said housing or at any interme-
diate angle.

The mass flow in the transport conduit is preferably chosen
to achieve a velocity of the particulate material of between 3
and 30 m/s, more preferably between 5 and 10 m/s. Preferably
the reactor is a gasification reactor. The gasification reactor is
an entrained flow gasification reactor. Examples of such reac-
tors are described in Gasification, by Christopher Higman and
Maarten van der Burgt, 2003, Elsevier Science, Burlington
Mass., Pages 109-128. The entrained flow reactor has one or
more burners, which are directly connected to the transport
conduit. In this manner the particulate material and the gas-
eous stream are directly fed to the burner. Examples of suit-
able burners are described in U.S. Pat. No. 4,523,529 and U .S.
Pat. No. 4,510,874. In such a burner the stream of particulate
material is discharged into the reactor interior via a central
channel. A high velocity flow of an oxygen-containing gas is
discharged from a co-axial channel of said burner into the
particulate material as discharged from the central channel.
The burner may be positioned at the top of a reactor and
directed downwardly as for example described in US-A-
20070079554 or directed horizontally as for example
described in EP-A-0400740 or alternatively the reactor may
comprise both top fired and horizontally fired burners as for
example described in CN-A-1775920. In case of a top fired
configuration one or more burners can be used. In case of a
horizontal firing typically one or more pairs of diametrically
positioned burners are used. For all types of reactor configu-
rations it is preferred that one burner is fed by one, dedicated,
bulk materials pump and transport conduit. In this manner a
more controlled flow of particulate material can be achieved.

The gasification temperature in the reactor is preferably
between 1100 to 1800° C. and at a pressure in the range from
10 to 100 bar, preferably between 30 and 100 bar and more
preferably at a pressure of above 35 bar and below 70 bar.

The invention is also directed to a method to start-up a
process as described above wherein the stream of pressurised
solids as present in the transport conduit is first diverted to a
second lower pressure zone and only after the mass flow of
solid material in the conduit has reached a stable value a valve
as present in the transport conduit is operated to divert the
solid material to the reactor. Preferably the second lower
pressure zone is the first lower pressure zone.

The invention is also directed to a system to perform the
start-up process as described above comprising a low pres-
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sure storage vessel fluidly connected to the inlet of a bulk
materials pump as described above and in the Figures, a first
part of atransport conduit directly connecting the outlet of the
bulk materials pump to an inlet of a diverter valve, a second
part of the transport conduit connecting an outlet of the
diverter valve to a burner as present in a reactor vessel,
wherein said diverter valve is provided with a second outlet
connecting a recycle conduit with the low pressure storage
vessel and which diverter valve can be adjusted to either let
particulate material flow from the bulk materials pump to the
burner or alternatively let particulate material flow from the
bulk materials pump to the low pressure storage vessel.

FIG. 1 shows a bulk materials pump 1 having a housing 2.
A flow path 3 is present for the solid material 6 located
between an inlet 4 and an outlet 5 of said housing 2. The
orientation of the bulk materials pump is preferably as drawn
in FIG. 1 with an inlet at the top end and an outlet at the bottom
end. In this manner solid material will enter the inlet and be
discharged from the outlet by means of gravity. The flow path
3 in said housing 2 is present between two rotatable drive
disks 7 and 8 of which only 7 is shownin FIG. 1. The flow path
3 is further defined by a rotatable materials scraper 9 as
positioned between said drive disks 7 and 8. Disks 7, 8 and
scraper 9 rotate such that surfaces of said disks 7 and 8 and
scraper 9, which surfaces partly define flow path 3, move in
the direction of flow path 3 as shown. This will enhance the
movement of the solid material 6 and the discharge of the
solid material 6 from between the disks 7 and 8 at outlet 5.

The rotatable materials scraper 9 extends up to point 13
where the two rotational axes 10 and 11 meet between the two
disks 7 and 8 as shown in FIG. 2.

FIG. 1 also shows that the outlet 5 of the housing is con-
nected to an upflow end of a transport conduit 17. This end is
provided with a supply conduit 18 for the gaseous stream,
which exits in the transport conduit 17 via openings 19.

FIG. 1a shows an alternative embodiment 18a for the upper
end of transport conduit 17. In this embodiment the gaseous
stream is supplied via inlet 21 to an annular space 23 formed
by an interior gas permeable tubular part 22 and an outer gas
impermeable part 20. The tubular part 22 forms the interior of
the transport conduit. Via the gas permeable part 22 the gas-
eous stream will be injected into the cake of particulate matter
as it is discharged from the bulk materials pump 1.

FIG. 2 illustrates drive disks 7 and 8 having rotation axes 10
and 11 respectively. Disks 7 and 8 have a preferred conical
shaped surface facing the flow path 3. As shown disks 7 and 8
are tilted with respect to each other. Preferably the angle
between upright surface of the disk facing the flow path 3 and
the vertical as shown in FIG. 2 is between 5 and 45°. The value
for the angle a will be dependent on the compactability of the
solid material 6. The axes 10 and 11 make an angle of /2 with
the horizontal 12. The axes 10 and 11 are thus not coaxial but
are positioned under and angle.

Because of the tilted positioning of the disks 7 and 8 the
distance ‘n’ between said disks at the inlet end of the pump 1
is larger than the distance ‘m’ between said disks at the outlet
5. In use the solid material entering the pump will be captured
between the disks at a location wherein the distance ‘n’
between said disks is large. When the solid material moves
with the direction of the disks the space between said disks
will continuously decrease from a distance ‘n’ to a shorter
distance ‘m’. The solid material will be compressed while
being transported between said disks. This will provide a
natural gas lock required to overcome the pressure difference
between the lower pressure environment at inlet 4 and the
higher pressure environment at outlet 5.
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At positions 14 a sealing face may advantageously be
present to avoid gas flowing from the high-pressure environ-
ment to the low-pressure environment. The sealing face is
preferably made of a so-called wear and tear resistant mate-
rial. Such materials are well known and Teflon is an example
of such a material.

A motor (not shown) will drive the axes 10 and 11. A spring
loading 15 is present to position the disks 7 and 8 into the
vicinity of scraper 9.

FIGS. 3 and 4 shows a bulk materials pump having a fixed
materials scraper 16, which is located partly between said
drive disks 7 and 8 and fixed to the housing 2. The other
reference numbers have the same meaning as in FIGS. 1 and
2.

FIG. 5 shows a system to perform the start-up process as
described above. The system comprises a low pressure stor-
age vessel 24 fluidly connected to the inlet 4 of a bulk mate-
rials pump 1 via supply conduit 25. Supply conduit 25 may
optionally be provided with de-aerating means as for example
described in U.S. Pat. No. 5,657,704. A first part 17a of a
transport conduit 17 directly connects the outlet 5 of the bulk
materials pump 1 to an inlet 26 of a diverter valve 27. A
second part 175 of the transport conduit 17 directly connects
an outlet 28 of the diverter valve 27 to a burner 29 as present
in a reactor vessel 30. The diverter valve 27, as illustrated in
more detail in FIG. 5a, is furthermore provided with a second
outlet 31. This outlet 31 connects a recycle conduit 32 with
the low pressure storage vessel 24. The recycle conduit is
provided with a pressure drop valve 33.

The diverter valve 27 may for example be a valve according
to U.S. Pat. No. 4,952,100. Such a valve, as shown in FIG. 5a,
can be adjusted to either let a solid material flow from the bulk
materials pump 1 to the burner 29 or alternatively let a solid
material flow from the bulk materials pump 1 to the low
pressure storage vessel 24.

The low pressure storage vessel 24 is provided with a
supply conduit 34 for a solid material, a gas vent 35 and a
supply for fluidizing gas 36.

The gasification reactor 30 as shown is provided with 2
pairs of diametrically positioned burners 29, a membrane
wall 37, a slag discharge 38 and an outlet 39 for the gaseous
product of the gasification process, comprising mainly car-
bon monoxide and hydrogen.

FIG. 5 shows two separate supply systems for two burners
29. For clarity reasons the two remaining systems for the
other two burners have been omitted from this FIG. 5.

FIGS. 64, 6b and 6c show part of a preferred transport
conduit 17 provided with one or more internals 40 having an
opening 41 for solid material and extending from the wall of
the transport conduit. The internal 40 suitably extends around
the entire circumference of the inner wall of the transport
conduit 17. The internal 40 functions as a safety device in case
the seal in the bulk materials pump fails and the direction of
the flow in transport conduit 17 immediately changes from
the normal direction 44 to the reverse direction 45. The design
for internal 40 is such solids will pass the internal with little
difficulty when flowing in the normal direction 44. The design
of internal 40 is in addition such that when the solids flow in
the reverse direction 45 solids will immediately accumulate
on the internal 40 and form a bridge 46 of solid material. This
bridge 46 will prevent the gasses present in the pressurised
gasification reactor from entering the low pressure storage
vessel 24 of FIG. 5. The formation of such a bridge 46 is found
to happen much faster that when a safety valve has to be
closed. The internals have a sloped surface at the end facing
the bulk materials pump under a slope [ with the axis of the
transport conduit as shown in FIG. 6a. This slope f is pref-
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erably such that no bridging of materials will occur when the
gas and solids flow in direction 44. Preferably f is between 1
and 60°, more preferably between 10 and 30°. The opening 41
is preferably chosen such that at least a so-called dense phase
conveying flow regime is maintained in said transport conduit
17. The internal 40 may be a frusto conical part 40' as shown
in FIG. 6c¢ or be a closed part as shown in FIGS. 6a and 65
wherein the internal also has a surface facing the burner
having a slope y with the axis of the transport conduit as
shown in FIG. 6a. Slope y will be larger than slope f3. Slope y
is preferably between 30 and 135°, most preferably 90°.

The internal or internals 40 are preferably located in the
upstream part of conduit 17 or in conduit part 17a when a
system is used as in FIG. 5. This is to ensure that sufficient
solid material is present in the downstream part of conduit 17
to form bridge 46 in case the flow direction reverses. For this
reason the length of the conduit 17 should have a sufficient
length to ensure that enough solid material is present to form
the bridges 46. The required length will depend on the density
and speed in the transport conduit and can be derived by
simple calculations and/or experimentation by the skilled
person.

The supply conduit 18 for a gaseous stream exits in the
transport conduit between the bulk materials pump 1 and the
internal(s) 40. Transport conduit 17 is preferably externally
cooled in order to withstand the high temperature gas from the
gasification reactor in case the flow direction reverses to
direction 45.

The preferred transport conduit 17 with the internal 40 may
also find application in combination with other bulk material
pumps. This invention is thus also directed to a system com-
prising any bulk materials pump, a transport conduit 17 hav-
ing one or more internals 40, fluidly connecting said pump
with a burner as present in a gasification reactor. Apart from
the specific pump details all preferred embodiments
described above also apply to this further invention.

What is claimed is:

1. A system to provide a particulate solid material compris-
ing a low pressure storage vessel fluidly connected to the inlet
of a bulk materials pump, a first part of a transport conduit
directly connecting the outlet of the bulk materials pump to an
inlet of a diverter valve, a second part of the transport conduit
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connecting an outlet of the diverter valve to a burner as
present in a reactor vessel, wherein said diverter valve is
provided with a second outlet connecting a recycle conduit
with the low pressure storage vessel and which diverter valve
is adjustable to either fluidly connect the bulk materials pump
to the burner or alternatively fluidly connect the bulk materi-
als pump to the low pressure storage vessel, the transport
conduit being provided with at least one internal having an
opening for solid material and extending from the wall of the
transport conduit.

2. The system according to claim 1, wherein the solid
material is a carbonaceous solid material.

3. The system according to claim 1, wherein a supply
conduit for a gaseous stream has an outlet in the first part of
the transport conduit.

4. The system according to claim 1, wherein the bulk
materials pump comprises a housing having a flow path for
the solid material between an inlet and an outlet, wherein said
flow path in said housing is further defined by a space
between two rotatable drive disks spaced from each other and
wherein a materials scraper is present between said drive
disks at the outlet, which scraper has the function to route a
cake of solid material that is being transported between said
drive disks, when the bulk materials pump is used, to the first
part of the transport conduit.

5. The system according to claim 1, the at least one internal
having a design such that solids will pass the internal with
little difficulty when flowing in the direction of the burner and
such that when the solids flow in the reverse direction the
solids will accumulate on the internal.

6. The system according to claim 1, the at least one internal
having a sloped surface at the end facing the bulk materials
pump under a slope § with the axis of the transport conduit.

7. The system according to claim 6, the slope § being
between 1 and 60°.

8. The system according to claim 7, the slope § being
between 10 and 30°.

9. The system according to claim 1, the opening being
selected such that at least a dense phase conveying flow
regime is maintained in the transport conduit.
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